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Background: Nitric oxide (NO) is an important molecule in maintaining endothelial survival and normal 
function. It is a unique mediator, which may promote or suppress both inflammation and apoptosis. 
Endothelial cell (EC) injury, dysfunction, and death in response to cytokines, especially interferon gamma 
(IFN‑g), represent the critical event for the initiation of several inflammatory diseases.
Objective(s): EC injury or death result in endothelial dysfunction that precedes the development of 
atherosclerosis and its subsequent vascular events. We examine the effect of different concentrations of 
IFN-g on human umbilical vein ECs (HUVECs) NO production and apoptosis.
Materials and Methods: HUVECs were cultured at 37°C for 24 h in the absence (control) or presence of 10, 
100, and 1000 µg IFN-g, respectively. The apoptotic cells were determined as annexin V-positive propidium 
iodide (PI)-negative cells by flow cytometry. Total nitrite concentration was measured in cell cultures 
supernatant by Griess method.
Results: A comparison of the effect of IFN-g on EC NO production with untreated cells showed that 
pretreatment of HUVEC with IFN-g failed to have a significant effect on NO production by these cells at 10 
and 100 U/mL, whereas it led to a significant decreased NO production at 1000 U/mL (P < 0.05). The cells 
stimulated with IFN-g showed significantly higher apoptotic cells (PI negative and annexin V-positive cells) 
after 24 h, compared with cells with no stimulations (P < 0.05).
Conclusion: IFN-g has detrimental effects on ECs in high doses. This might be due to inducible NO synthase 
activation.
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regulation of local immune and inflammatory 
reactions, and processes of vascular injury.[1,2] Vascular 
ECs can interact with complement, chemokines, or 
humoral components;[1,2] express receptors for blood 
leukocytes or modify immune reactions;[2] generate and 
respond to cytokines;[3] and modulate local vascular 
reactions at inflammatory sites.[2,3] Endothelial 
activation, as an early step in vascular dysfunction, 
can be induced by several cytokines.[3] Because of the 
EC strategic location of the lining of the vasculature, 
they are major targets of immune‑mediated injury.
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INTRODUCTION

The endothelial cells (ECs) have a key role in the 
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EC injury or death results in endothelial dysfunction 
that is associated with some situations, such as chronic 
inflammatory diseases. Endothelial dysfunction 
precedes the development of atherosclerosis and its 
subsequent vascular events as well as several systemic 
autoimmune diseases, such as vacuities, inflammatory 
bowel disease, and multiple sclerosis.[3]

Atherosclerosis is a chronic inflammatory state 
characterized by lesions that contain abundant 
immune cells, particularly monocytes and T 
lymphocytes.[4] The interaction between macrophages 
and lymphocytes within the atherosclerotic lesion 
microenvironment exemplifies a site where both 
innate and adaptive immunity contribute toward 
disease progression.[4] Interferon gamma (IFN‑  g) 
that is the classic macrophage-activating factor, 
has been localized at atherosclerotic lesions. IFN‑ g 
acting on all the major cell types of the plaque, has 
a complex effect on atherosclerosis progression.[4] 
The introduction of leukocytes into the blood vessel 
intima at the site of plaque formation requires cell 
adhesion molecules displayed on the luminal surface 
of the endothelium.[5] These events make endothelium 
as a major player in atherosclerosis process.[6]

It has been shown that IFN‑ g increases T helper‑1 
cells (Th1) immune responses by upregulation of class 
I and II antigens in endothelial, vascular smooth 
muscle cells and monocyte–macrophages as well as 
foam cells and increase monocyte and lymphocyte 
infiltration into the vascular lesion by increases 
in chemokines and surface adhesion molecules. [2,7] 
However, the direct effect of IFN‑  g on ECs (not 
through leukocyte-mediated mechanisms) has been 
overlooked.

Healthy ECs respond to a number of stimuli by 
releasing nitric oxide (NO). NO plays a strategic role 
in the protection exerted by the endothelium against 
risk factors and stressors.[7] NO not only prevents 
abnormal constriction (vasospasm) of the vessels, 
but also inhibits the aggregation of platelets, the 
expression of adhesion molecules at the surface of 
the ECs, and hence the adhesion and penetration 
of leukocytes. When this protective role of NO is 
flawed, the inflammatory  response  that  leads to 
atherosclerosis is initiated.[8]

IFN‑g, being the hallmark of the Th1 response, has 
been extensively studied with respect to its expression 
and regulation of immune function.[9] Although 
IFN‑  g increases Th1 immune responses,[10,11] the 
direct effect of IFN‑ g on ECs (not through leukocyte-
mediated mechanisms) has been less mentioned.

In this study, we aimed to examine the effect of 
different concentrations of IFN‑ g on human umbilical 
vein ECs (HUVECs) NO production and apoptosis.

MATERIALS AND METHODS

Cell culture and treatment
The HUVECs (National Cell bank of Iran affiliated 
to Pasteur Institute, Tehran, Iran) were cultured 
in endothelial basal medium supplemented with 
EC growth factor, gentamicin, amphotericin B, and 
10% fetal calf serum until the third passage before 
experiments were performed. All the cell culture 
material were from Gibco, Oklahoma USA. Before 
stimulation HUVECs were plated in 6‑well plates and 
divided into 4 groups. HUVECs in the control group 
and IFNg groups were further cultured at 37°C for 
24 h, in the absence (control) or presence of 10, 100, 
and 1000 µg IFN-g. The IFN-g was kindly gifted by 
Exir Pharmaceutical Company (Tehran, Iran). All the 
experiments were performed at least in triplicate and 
repeated at least twice.

Apoptosis detection
In the early stages of apoptosis one of the important 
plasma membrane modifications is the translocation 
of phosphatidylserine (PS) from the inner side of the 
plasma membrane to the outer layer, by which PS 
becomes exposed at the external surface of the cell. 
Annexin V is a Ca2+-dependent phospholipid‑binding 
protein with high affinity for PS. Hence this protein 
can be used as a sensitive probe for PS exposure 
upon the cell membrane. Translocation of PS to the 
external cell surface is not unique to apoptosis, but 
occurs also during cell necrosis. The difference between 
these 2 forms of cell death is that during the initial 
stages of apoptosis the cell membrane remains intact, 
while at the very moment that necrosis occurs the 
cell membrane loses its integrity and becomes leaky. 
Therefore, the measurement of annexin V binding to 
the cell surface as indicative for apoptosis has to be 
performed in conjunction with a dye exclusion test 
to establish integrity of the cell membrane, such as 
propidium iodide (PI).

For each staining, a total number of 105 cells per sample 
were washed once with ice‑cold PBS and the cells were 
stained by annexin–PI (R&D Systems, Minneapolis, 
USA) as follows: Cells (105/mL) were incubated with 
1 μL annexin V–fluorescein isothiocyanate and 0.5 μL 
PI (10 mg/mL) in the binding buffer (10 mM HEPES, 
pH  7.4, 150 mM NaCl, 5 mM KCl, 1 mM MgCl2, 
1.8 mM CaCl2).

Subsequently,  the cel ls  were analyzed by 
fluorescence‑activated cell sorting (FACScan, 
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Becton–Dickinson, Miami, USA). Apoptotic cells were 
distinguished as annexin V–PI– cells. Data analysis 
was performed with Cell Quest software.

NO metabolite (nitrite) measurement
The levels of NO in the culture supernatants were 
determined using the Griess reaction by parameter 
TM, total NO Assay kit catalog number KGE001 
(R&D Systems Company, USA). This assay determines 
nitrite concentrations as NO metabolite. Nitrite is 
detected calorimetrically as an Azo dye product of 
the Griess reaction. The Griess reaction is based on 
the 2‑step diazotization reaction in which acidified 
NO2 produces a nitrosating agent, which reacts with 
sulfanilic acid to produce the diazonium ion. This ion 
is then coupled to N‑(1‑naphthyl) Ethylenediamine to 
form the chromophoric azo‑derivative, which absorbs 
light at 540–570 nm. The results were calculated using 
the standard curve equation.

Statistical analysis
Data were tested for normal distribution by the 
Kolmogorov–Smirnov test. Significance of variation 
between groups was evaluated using Kruskal–Wallis 
test followed by Mann–Whitney test. The correlation 
relationships will be evaluated by Spearman test. 
P < 0.05 will be considered significant.

RESULTS

As it has been illustrated in Figure 1, comparison of 
the effect of 3 different doses of IFN-g (10, 100, and 
1000 U/mL) on EC NO production with untreated cells 
showed that pretreatment of HUVECs with IFN-g 
failed to have a significant effect on NO production 
by these cells at 10 and 100 U/mL, whereas it led to 
significant decreased NO production at 1000 U/mL 
(P < 0.05).

As shown in Figure  2, cells stimulated with IFN-g 
showed significantly higher apoptotic cells (annexin 
V–FITC-positive cells and PI negative) after 24 h, 
compared with cells with no stimulations (P < 0.05).

Results were as follows: Cells without stimulations, 
2.58 ± 0.6%; cells stimulated with IFN‑g (10 U/mL): 
4.61 ± 1.08, IFN‑g (100 U/mL): 3 ± 1.6 and IFN‑g 
(1000 U/mL): 4.8 ± 0.19.

DISCUSSION

ECs are routinely exposed to circulating immune cells 
and effector molecules of immunity and consequently 
are main targets of their adverse effects. Injury to 
vascular ECs is a critical event in tissue damage seen 
in acute and chronic inflammation. However, the exact 
mechanism has not yet been precisely elucidated.

The results of our study showed that IFN‑g induced 
both apoptosis and reduced NO production in 
1000 U/mL.

In addition to the key role of the IFN‑g in host 
defense, its excessive release has been associated 
with the pathogenesis of chronic inflammatory and 
autoimmune diseases.[12] In fact, knockout models 
reveal that IFN-g plays a key role in mediating a 
number of pathologic processes related to chronic 
immune activation.[12‑15]

However, IFN‑g has various effects on vascular cells 
through orchestration of a spectrum of hundreds of 
genes and different cellular programs.[16] Microarray 
analysis of human cell lines and primary vascular cells 
reveal a wide range of transcripts that are regulated 
by IFN‑g, including some with known immune 
modulatory functions and a variety of genes with 
unknown functional significance.[17,18]

Especially in some of the human diseases with 

Figure 1: The effect of interferon g (10, 100, and 1000 U) on endothelial 
cell nitric oxide production. Experiments were performed in triplicate 
and repeated at least twice

Figure 2: The effect of interferon g (10, 100, and 1000 U) on endothelial 
cell apoptosis. Experiments were performed in triplicate and repeated 
at least twice
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prominent endothelial injury, such as atherosclerosis, 
T lymphocytes are the main components of all stages of 
the disease.[4,10] This cell type has also been identified 
in atherosclerotic lesions from rabbits[19] and mice.[20,21] 
Both protein and mRNA for this cytokine have been 
detected in atherosclerotic lesions from humans[23,24] 
and mice.[25] IFN‑g has a range of biological properties 
in cultured cells that could influence the development 
of atherosclerotic lesions. It has been shown that 
cultured ECs express low levels of Fas, but IFN‑g 
increases Fas and procaspase‑8 expression, sensitizing 
ECs to Fas‑mediated apoptosis. [25] In addition, IFN-g 
stimulation of ECs isolated from aortas of male 
Wistar rats was associated with increased expression 
of cathepsin B, caspase‑3, and FasL and triggers 
the apoptotic process.[9] Furthermore, it has been 
demonstrated that IFN-g inhibits EC proliferation by 
a mechanism, which involves growth factors.[9]

A product of ECs that is a potent anti‑inflammatory 
agent is NO, and therefore induction or suppression 
of NO by cytokines has the potential to enhance or 
inhibit the inflammatory response.[26]

Strong evidence suggests that endothelial NO 
synthase (eNOS) plays an important role in the 
protection of the ECs. NO has been shown to inhibit 
apoptosis both in  vitro and in  vivo in certain cell 
types.[26,27] NO inhibits apoptosis induced by many 
different stimuli, including growth factor withdrawal, 
tumor necrosis factor (TNF), or Fas.[28] It has become 
evident that decreased bioavailability of endothelial 
NO produced from eNOS, referred to as ED, plays a 
crucial role in the development and progression of 
several vascular diseases, such as atherosclerosis.[29] 
In our study, the decreased levels of NO production 
in 1000 U/mL IFN-g may be attributed to decreased 
eNOS as a protective molecule, which subsequently 
leads to ECs apoptosis. Conversely, the decreased 
NO may be the result of the increased apoptosis, so, 
decreased NO may be both the cause and effect of 
EC apoptosis.

It has been reported that IFNg, in cooperation with 
lipopolysaccharide (LPS) or other cytokines, such 
as TNF‑α, interleukin (IL) IL‑2,and IL‑4 results in 
upregulation of inducible NO synthase (iNOS) gene 
expression in several cell types, including ECs and 
macrophages.[30]

Accordingly, blockade of the proinflammatory 
cytokine IFN in human allografts is sufficient to 
prevent EC dysfunction and loss of endothelial NO 
expression.[30] Thus, cytokine stimulation of ECs 
can both positively and negatively modulate the 

expression of endothelial gene products that control 
vascular tone and the ability of the vessel to respond 
to vasodilatory signals.

In our study, IFN‑g has no significant effect on NO 
production in doses of 10 and 100 U/mL. In a similar 
report to our study, Weiss et al. have shown that 
treatment of HUVEC with IFN‑g (200 U) for 24 h 
had no effect on NOS activity in cell lysates, whereas 
Lamas et  al. have reported that IFN‑g (1000 U) 
failed to exert a significant effect on basal release 
of NO or metabolic conversion of L‑[''C]arginine to 
L‑['4C citrulline in bovine aortic ECs.[31]

In another study, Morikawa et al. have reported that 
IFN‑g exhibited contrary effects on NO production, 
depending on its concentration; 1 ng/mL of IFN‑g 
significantly reduced NO production of END‑D cells, 
whereas IFN‑g at the intermediate concentration 
(10 ng/mL) did not significantly alter NO production. 
They also showed that a low concentration of IFN-g, 
LPS, and TNF‑a reduced NO production through 
downregulating eNOS.[32,33]

Moreover, Yamaoka et al. have shown that cytotoxicity 
of IFN‑g on vascular ECs is mediated by NO.[34] It has 
been reported that ONO‑1714, a potent iNOS‑specific 
inhibitor, completely blocked both cytokine‑induced 
cytotoxicity and NO production in murine vascular ECs 
F‑2, whereas NO scavengers, such as carboxy‑PTIO 
and hemoglobin, blocked cytotoxicity. In the same 
experiment, exogenous NO from NO donor caused 
cytotoxicity as well.[33]

CONCLUSION

In conclusion, it seems that despite the consistent 
regulation of inflammatory factors with a relatively 
predictable cellular phenotype, the effects of IFN‑g 
on EC survival are variable and condition dependent. 
IFN‑g has detrimental effects on endothelium only in 
very high concentrations. In addition, it is possible 
that the unfavorable effects may be enhanced in the 
presence of the other inflammatory factors, such as 
TNFα. The current study suggested the presence of a 
complicated regulation of NOS expression in vascular 
ECs by proinflammatory cytokines, such as IFN-g. 
However, it was unclear whether the in vitro findings 
in the present study could be applied to the in vivo 
phenomenon or not. The exact role of NO produced 
in vivo by different isoenzymes of NOS in vascular ECs 
stimulated with IFN‑g is still a matter for speculation.
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